Definition of Variables, Treatment, and Outcomes
Demographic, clinical, and radiographic data were retrieved from electronic patient records. Time to surgery was defined by patient age at the time of surgery. The CDCs were defined on the basis of their location: midline anterior fontanelle, frontozygomatic, coronal sutures, and lambdoid sutures. Cranial erosion was defined as insignificant if there was no observable erosion of the cranium; partial-thickness erosion was defined as an erosion into the cranium through which the dura mater could not be observed. Likewise, full-thickness erosion was defined as cases in which the dura could be observed through the erosion, and full-thickness with epidural extension was used in the cases in which the CDC was found to be depressing and causing thinning of the dura (Fig. 1) .
Data Analysis
The Student t-test was used for continuous variables, and the chi-square test was used for categorical variables. All analyses were performed to reflect the entire cohort. Statistical significance was defined as p < 0.05, and all statistical analyses were performed using R Statistical Software (version 3.1.1, 2013).
Results
One hundred fifty-nine (64 male and 95 female) patients were studied. The average age at the time of surgery ranged from 1 month to 63 years (mean 3.55 ± 9.58 years, median 11 months). The distribution of the cysts is shown in Table 1 ; 18 (11.3%) CDCs were in the midline anterior fontanelle, 52 (32.7%) were frontozygomatic, 14 (8.8%) occurred along the coronal sutures, and 75 (47.2%) occurred along the lambdoid sutures. In 74 (46.5%) cases the cysts were found to insignificantly erode through the cranium, 30 (18.9%) eroded through a partial thickness of the cranium, 47 (29.6%) eroded through the full thickness of the cranium, and 8 (5.0%) eroded through the full thickness of the cranium and demonstrated epidural extension. Our population showed female predominance (n = 95, 59.7%).
Of note, all patients found to have full-thickness cranial erosion with epidural extension were female, and all but one of their lesions was found in the lambdoid suture region. In those cases presenting with insignificant erosion of the cranium the lesions were excised via a direct approach. Those with more extensive cranial involvement were removed, taking care to resect all of the cyst capsule. Resection often involved curetting the bone margins and carefully resecting the cyst capsule from sometimes adherent dura. Significant defects in the bone were repaired with cranioplasty, using titanium mesh and self-setting calcium phosphate bone cement as deemed appropriate. There were no peri-or postoperative complications in any of the reported cases. The clinical diagnosis of all reported CDCs was confirmed histologically by pathological investigation. On follow-up, no recurrences were documented.
Age at Surgery
The time to surgery in our population is summarized in Table 1 and Fig. 2 . Latency to surgery was found to vary significantly with extent of cranial erosion and epidural extension (p < 0.00001). In our population of 159 patients, 84 (52.8%) underwent decisive treatment of their CDCs at < 1 year of age (mean 0.57 ± 0.22 years); 61 (38.4%) between 1 and 10 years (mean 2.08 ± 1.46 years); 3 (1.9%) between 11 and 20 years (mean 15.33 ± 3.79 years); and 11 (6.9%) at > 20 years of age (mean 41.75 ± 12.5 years). Advancing age was clearly associated with extent of cranial erosion (statistically significant, p < 0.00001). The most extensive epidural extension and cranial deformity occurred in adults (≥ 18 years). Five patients required cranioplasty and inpatient hospitalization.
Of the patients who underwent treatment at < 1 year of age (n = 84, 52.8%), 42 (50.0%) were found to have insignificant erosion of the cranium, 20 (23.8%) had partialthickness erosion, 21 (25.0%) had full-thickness erosion, and 1 (1.2%) had full-thickness erosion that extended epidurally. In our population whose ages fell between 1 and 10 years of age (n = 61, 38.4%), 26 (42.6%) had insignificant cranial erosion, 8 (13.1%) had partial-thickness erosion, 25 (40.9%) had full-thickness erosion, and 2 (3.3%) had full-thickness erosion with epidural extension. The group whose ages were between 11 and 20 years at the time of surgery (n = 3, 1.9%) and the population > 20 years of age at the time of surgery (n = 11, 6.9%) were found to have 0 (0%) and 6 (54.5%) patients, respectively, with insignificant cranial erosion; 2 (66.7%) and 0 (0.0%) with partial-thickness erosion; 0 (0.0%) and 1 (9.1%) with fullthickness cranial erosion; and 1 (33.3%) and 4 (36.4%) with full-thickness erosion with epidural extension.
Cyst Locations
The cyst locations and their corresponding extent of cranial erosion are summarized in Table 1 and Fig. 3 . Specific The second most common location of CDCs in our population was frontozygomatic (n = 52, 32.7%). The majority of these cases (n = 23, 44.2%), eroded through the full thickness of the cranium, with 1 case (1.9%) demonstrating full thickness of the cranial erosion with epidural extension. The rest of the cases were found to be in either the midline anterior fontanelle or coronal sutures (n = 18 [11.3%] and n = 14 [8.8%], respectively). Of these cases, the majority of the midline anterior fontanelle CDCs were found to demonstrate an insignificant amount of cranial erosion (n = 8, 44.4%), whereas half of the coronal cases (n = 7, 50.0%) were found to display full-thickness cranial erosion.
Illustrative Case
An 18-year-old, high-achieving young woman had had a painless lump over her right forehead since birth. The lump increased in size over the years, but caused her no symptoms. This patient suffered from frequent panic attacks and an MRI was obtained on presentation to our pediatric neurosurgical clinic (Fig. 4) . Brain MRI demonstrated a 2.5-cm, well-circumscribed cranial mass causing mild pressure on her right frontal lobe (Fig. 4A) . Additional imaging obtained using CT detailed the bony involvement (Fig. 4B) .
This patient subsequently underwent craniectomy and removal of an intradiploic dermoid cyst with epidural extension. Cranioplasty was performed using titanium mesh and self-setting calcium phosphate bone cement ( Fig. 4C  and D) . She made an uneventful recovery and is doing well.
Discussion
In our practice, we found 159 histologically verified cases of CDCs over a 10-year period. Eighty-five (53.4%) of these cysts demonstrated some level of cranial involvement, and 55 cases (34.6%) of CDCs were found to in- volve the dura. Because CDCs possess the capacity for expansion, cranial erosion, and brain compression, we recommend resection. Early resection may avoid a more extensive operation. This is illustrated by the case presentation and our data, which illustrate that patients presenting later in life for treatment may be at an increased risk for full-thickness cranial erosion. The existence of completely penetrating lesions in the younger children suggests that more than latency is at work. We suspect that these cases represent instances in which the entrapment of the surface ectoderm along the lines of embryonic fusion has occurred anatomically deeper in origin as compared with their nonpenetrating counterparts. As compared with the reported literature, our experience demonstrates that surgical complications after CDC removal are generally minor, and given the potential for adverse effects if left untreated, these patients should be treated in a timely manner. 3, 6, 11, 13 
Study Limitations
We were unable to analyze volume or size of the CDC. Size may well influence the extent of cranial erosion and epidural extension. Our lack of volumetric analysis and the unknown baseline tumor size are limitations of our study. Our study was not prospective. Long-term followup was not possible beyond 1 year. Of note, our population does not represent the true incidence of the condition, but rather a measure of those presenting to our neurosurgical clinic.
Conclusions
In this study, cyst location and patient sex did not vary significantly with epidural extension (p = 0.196 and p = 0.066, respectively). Age at the time of surgery did vary significantly with epidural extension of dermoid cysts (p < In older patients or those with atypical location of the mass, MRI and/or CT studies are obtained prior to surgery. We believe that our zero-complication rate is in part due to management of these lesions by neurosurgeons trained to deal with dural adherence and epidural extension of mass lesions. Surgeons operating on dermoid cysts thus must be prepared to deal with the consequences of cranial defects and epidural extension, particularly when treating older patients. Likewise, early referral is recommended.
